I N T R O D U C T I O N
Pyogenic meningitis is a devastating disease at any time of life. When it occurs in a neonate, the consequences are even more sinister. Mortality rates from developed countries range from 3% to 13% compared with 30-40% in developing countries, and 20-30% may have neurological sequelae [1] [2] [3] [4] [5] 6] . A number of predictors of poor outcome in neonates with PM have been ascertained like low birth weight or preterm birth, leukopenia (WBC < 5000/ ll) and neutropenia at presentation [1, 7, 8] , requirement for mechanical ventilatory support or inotropes [8, 9] and delayed sterilization of the cerebrospinal fluid (CSF) [10] . Most of these observations are from the West. Certain factors like the socio-economic status of the neonates, place of residence (urban/rural) and having received inadequate or irrational antibiotics with poor documentation before admission may be additional factors affecting outcome in resource-limited set-ups. Therefore, this study was carried out to ascertain the proportion of neonates with PM who die or survive with morbidity and to ascertain predictors of poor outcome in our set-up.
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M E T H O D S
Ours is a prospective observational study done in a public-sector tertiary-level neonatal unit of North India. The study was done over a period of 1 year after taking ethical approval from the ethics committee of the university. All consecutive term neonates admitted in the unit with clinical symptoms and signs of sepsis and diagnosed as PM formed the study subjects. Criteria for diagnosis of PM was neonates with clinical signs and symptoms of sepsis with a CSF showing >21 cells/cumm (> 6 polymorphs) or sugar < 36 mg/dl or protein > 129 mg/dl or positive CSF culture [11] . If the lumbar puncture (LP) was traumatic, the CSF was sent for culture and sugar estimation. LP was repeated after 48 h for cells, proteins, sugar and Gram stain and culture. Preterm neonates, neonates with birth asphyxia (Apgar score at 5 min <4 or Hypoxic Ischemic Encephalopathy (HIE) Stages II or III), major congenital malformations, metabolic disorders, chromosomal disorders, jaundice in exchange transfusion range and whose parents did not give consent were excluded. Baseline characteristics, clinical status at admission and during hospital stay and outcome were noted. Neonates were managed according to the unit protocol under supervision of the treating consultant. Cranial ultrasound (USG) and electroencephalography (EEG) were done before discharge. At the time of discharge a detailed neurological examination (NE) was done using the Amiel-Tison method [12] . The neonates were followed up in the out patient department. At 3 months of age, brainstem-evoked reflex audiometry (BERA), NE and neurodevelopmental assessment were done. Neurodevelopmental assessment was done by a psychologist using a tool by J Bharathraj [13] . Infants were classified as developmentally delayed if developmental quotient (DQ) was <70 [14] .
EEG with moderate abnormalities (normal background with two or more abnormalities, asymmetry, asynchrony and mild voltage depression with additional abnormality) and marked abnormalities (burst suppression or marked depression/isoelectric background activity) were considered as abnormal [15] . Cranial USG was considered as showing a complication of PM when there was ventriculitis, parenchymal involvement or post-infectious hydrocephalus [16] .
S T A T I S T I C A L A N A L Y S I S
Variables of neonates with favourable and poor short-term and long-term outcomes were compared to detect predictors of adverse outcome. Analysis was performed using SPSS version 16.0 software. Univariate analysis was done using chi-square test for dichotomous variables and Student's t-test for continuous variables.
R E S U L T S
During the study period, 1840 neonates were admitted in neonatal intensive care unit (NICU) and 180 had PM. Of these, 77 did not meet the inclusion criteria, as 47 were premature, 20 had birth asphyxia and 10 had congenital malformations. Of the remaining 103 neonates enrolled, 14 left against medical advice. So, 89 neonates with PM were finally analysed.
Eighty-one neonates (91.0%) were hospital born and 21 were born by caesarean section; male to female ratio was 5.8:1, mean age at diagnosis was 11 days and mean duration of symptoms before admission was 3 days. Among the study subjects, 59 (66.2%) were from rural background and 67 (75%) patients belonged to low socio-economic status. The baseline characteristics of the study neonates are given in Table 1 .
As shown in Table 2 , of 89 neonates with PM, 34 (38.2%) had poor short-term outcome, i.e. death (n ¼ 10) or abnormal NE at discharge (n ¼ 24 None of the clinical parameters at admission, during hospital stay and laboratory variables including the CSF characteristics was statistically significant for predicting low DQ at 3 months of age.
As shown in Table 3 , among the various parameters of NE at discharge, abnormal fixation and tracking (OR ¼
The flow diagram of the study is depicted in Fig. 1 .
Of the 24 neonates who had abnormal NE at discharge, 23 came for follow up at 3 months and 11 had abnormal DQ. Of the 55 neonates with normal NE at discharge, only 36 came for follow up and 2 had abnormal DQ. D I S C U S S I O N We had 89 neonates with PM during the study period, 79 were discharged and 10 died. Of the 79 patients discharged, 24 had abnormal NE at the time of discharge. Therefore, of 89 neonates with PM, 34 had a poor short-term outcome and 13 (16.5%) of the survivors had a low DQ at 3 months.
The literature describes a mortality rate of 3-13% in developed countries and 30-40% in developing countries for neonates with PM [1] [2] [3] [4] [5] 6 ]. In our study, mortality rate was 11.2%, which is similar to that of developed countries.
We found that of the baseline characteristics like poor socio-economic status, mode of delivery and sex of baby did not predict a poor outcome. The seriousness of the illness as depicted by abnormal sensorium for >24 h (p ¼ 0.001, OR ¼ 4.30), prolonged shock (p ¼ .000, OR ¼ 8.28), prolonged MV (p ¼ 0.000, OR ¼ 18.55), prolonged seizures (p ¼ 0.012, OR ¼ 14) and orogastric feeding for >3 days (p ¼ 0.042, OR ¼ 2.78) predicted a poor short-term outcome including death. However, it did not predict an abnormal DQ at 3 months of age in the survivors.
Our findings are similar to those found by Gill Klinger, Ben Hamouda H, Pekonen T and De Jonge et al. [8, [17] [18] [19] . In addition, some laboratory parameters like leukopenia (Gill Klinger, Philip AGS), pleocytosis < 500 (Ben Hamouda), Streptococcus pneumoniae (De Jonge), absolute neutrophil count < 1.0 Â 10 3 /ml, CSF protein > 0.3 gm/dl and C reactive protein > 20 mg% (Philip AGS) also predicted a poor outcome. In two recent studies, high CSF protein concentration prognosticated poor outcome in neonates with bacterial meningitis [20, 21] . However, we did not find any of the laboratory parameters as predictors of poor outcome of PM.
In another study of neurodevelopmental outcome of neonatal meningitis by Tatishvili NA in Georgia, it was found that the outcome of bacterial meningitis depends on the starting point of the disease. Meningitis, which began earlier than 72 h of life, was characterized by severe prognosis [22] . In our study, the outcome of the neonates was the same whether it started within 72 h or after that.
Our data suggest that the ultimate neurological prognosis of infants with PM should not be proclaimed with certainty at discharge. Almost half of the neonates assigned a poor outcome at discharge on the basis of abnormal NE had a normal DQ at 3 months. This appears to be a reassuring observation, but the ultimate outcome of these infants can be gauged only after long-term follow up when Abnormal EEG was a predictor of poor outcome at discharge and at 3 months of age. Results of our study are in agreement with the studies done previously. Klinger G reported that neonates with PM with normal or mildly abnormal EEGs had good outcomes, whereas those with moderate to markedly abnormal EEGs died or survived with adverse outcome [23] . Ter Horst reported that all infants with continuous low voltage or flat trace on EEG had an adverse outcome [24] .
Lein also found hearing impairment during hospitalization to predict a poor outcome [21] . The strength of our study was that it was a prospective. The weakness was a small sample size, diagnosing PM without a positive CSF culture and high dropout rate of 25%.
From our study, it is evident that neonatal meningitis still has a high mortality and morbidity. Abnormal NE at discharge (especially abnormal social interaction, fixation and tracking, Moros and Palmar grasp), EEG and abnormal BERA can help in prognosticating neonates with PM.
